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“Remember

how much 

you don’t you don’t 

know.”

William Osler



Thinking Outside the Box

• Pathogenesis?

• Diagnosis issues

••Microbiology models key

• Goals:

patient outcomes
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Pathogenesis?
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patient outcomes



VAP & Intensive Care!!

• ET:  6–21 fold > risk 

• > 50% MICU antibiotics 

• Mortality = 20%-50%

• Morbidity – huge

• Cost = $15,000 - $40,000

Chastre, Am J Resp Crit Care Med 2002: 165:867Chastre, Am J Resp Crit Care Med 2002: 165:867

& Intensive Care!!

> 50% MICU antibiotics 

$40,000

Chastre, Am J Resp Crit Care Med 2002: 165:867Chastre, Am J Resp Crit Care Med 2002: 165:867--0303



I.  Pathogenesis: I.  Pathogenesis: 
ColonizationColonization

vsvsvsvs

Infection (VAT/VAP)Infection (VAT/VAP)
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Nasopharyngeal ColonizationNasopharyngeal Colonization

Bacteria/SecretionsBacteria/Secretions
ETT Cuff leaks, Biofilm ETT Cuff leaks, Biofilm 

Bacterial Pathogens: Bacterial Pathogens: 

Number, Type & VirulenceNumber, Type & Virulence

Tracheobronchial

Colonization

VATVATVATVAT

VAPVAPVAPVAP

Nasopharyngeal ColonizationNasopharyngeal Colonization

Bacteria/SecretionsBacteria/Secretions
ETT Cuff leaks, Biofilm ETT Cuff leaks, Biofilm 

Lung Defenses:Lung Defenses:
Cilia, Humoral, CellularCilia, Humoral, Cellular

Tracheobronchial

Colonization

VATVATVATVAT

VAPVAPVAPVAP



BACTERIA: One

VAT

Colonization

VAP

VAT

One-Way In & Out!  

ETT Cuff 
&

Biofilm 

Route

Translocation

Bacteremia



(EE--tubetube)



Ciliated Tracheal Ciliated Tracheal 
EpitheliumEpithelium

Ciliated Tracheal Ciliated Tracheal 
Alveoli



Dynamic Bacterial--Host Interactions



VAP/VAT: VAP/VAT: Bacterial PathogensBacterial Pathogens

NonNon-- MDR MDR 

•• PneumococcusPneumococcus

NOTNOT

Viruses: FLU, RSV, HSVViruses: FLU, RSV, HSV
•• Haemophilus sppHaemophilus spp

•• S. aureus S. aureus -- MSSAMSSA

•• LegionellaLegionella

Viruses: FLU, RSV, HSVViruses: FLU, RSV, HSV

Anaerobes, Legionella,Anaerobes, Legionella,

Candida or OIs Candida or OIs 

Bacterial PathogensBacterial Pathogens

MDR MDR 

•• P. aeruginosaP. aeruginosa

NOTNOT

Viruses: FLU, RSV, HSVViruses: FLU, RSV, HSV
•• MRSAMRSA

•• Acinetobacter spp.Acinetobacter spp.

•• GNR: ESBL & KPC + GNR: ESBL & KPC + 

Viruses: FLU, RSV, HSVViruses: FLU, RSV, HSV

Anaerobes, Legionella,Anaerobes, Legionella,

Candida or OIs Candida or OIs 



MVP > 48 hr: MVP > 48 hr: VAT & VAP OverlapVAT & VAP Overlap

VAT
~3

VAPTime

Colonized
(<10

>90%

Nseir, Eur Respir J 2002: 20 1483Nseir, Eur Respir J 2002: 20 1483

VAT & VAP OverlapVAT & VAP Overlap

VAT
~3-10%

VAP

Colonized
(<106 cfu/ml)

>90%

Nseir, Eur Respir J 2002: 20 1483Nseir, Eur Respir J 2002: 20 1483--8989



II. DefinitionsII. DefinitionsII. DefinitionsII. Definitions
VAT VAT 
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VAP Surveillance & OutcomesVAP Surveillance & Outcomes

““The road to successThe road to success
is always is always 

under construction"under construction"
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1.1. Quantitative Microbiology:Quantitative Microbiology:

•• BAL BAL >>101044 cfu/ml = cfu/ml = VAPVAP
•• SQSQ--EA EA “moderate“moderate--heavy”heavy”

•• QQ--EA  EA  >>101066 cfu/ml =  cfu/ml =  

VAT/VAP VAT/VAP Diagnosis Diagnosis 

•• QQ--EA  EA  >>101066 cfu/ml =  cfu/ml =  

2. Signs/Symptoms = 2. Signs/Symptoms = VAT VAT 

–– Temperature:Temperature: >38C/100.4F>38C/100.4F

–– New purulent sputumNew purulent sputum or change in FiOor change in FiO

3. Radiology:3. Radiology: CXR: new & persistent infiltrate, CXR: new & persistent infiltrate, 
consolidation, cavitationconsolidation, cavitation

Quantitative Microbiology:Quantitative Microbiology: A Thermometer!!A Thermometer!!

VAPVAP
heavy”heavy” = = VATVAT oror VAPVAP

cfu/ml =  cfu/ml =  VATVAT or or VAPVAP

Diagnosis Diagnosis = 1+2+3= 1+2+3

cfu/ml =  cfu/ml =  VATVAT or or VAPVAP

VAT VAT or or VAPVAP

>38C/100.4F>38C/100.4F oror WBC WBC >12K or <4K>12K or <4K

or change in FiOor change in FiO22 or PEEPor PEEP

CXR: new & persistent infiltrate, CXR: new & persistent infiltrate, 
consolidation, cavitationconsolidation, cavitation =  =  VAPVAP



VAT/VAP: VAT/VAP: A Numbers Game!A Numbers Game!

VAT/VAPVAT/VAP

Craven, Sem Resp Dis, 1996Craven, Sem Resp Dis, 1996

VAP  VAP  

BALBAL >>101044/ml/ml

VAT/VAPVAT/VAP

SQSQ--EA EA >> ++++++

QQ--EA EA >> 110066/ml/ml

NasopharynxNasopharynx
101088--10101010 orgs/mlorgs/ml

A Numbers Game!A Numbers Game!

SGSSGS

ETT CuffETT Cuff
LeaksLeaks



++

SQ-EA
+++/++++
Mod-Heavy

+

++

SQ-ETA Diagnostics

Rare, Few
Colonization

EA
+++/++++

Heavy

QQ--EA EA 

>>101055--66

ETA Diagnostics



Marquette, ARRD 1995;151;1878

Q-EA (>106)                BAL (Q-EA (>106)                BAL (

Sens        Spec         Sens        Spec

55%            85%             47%          100%

SENSITIVITY  vs SPECIFICITY

Marquette, ARRD 1995;151;1878-88

)                BAL (>104))                BAL (>104)

Sens        Spec         Sens        Spec

55%            85%             47%          100%

SENSITIVITY  vs SPECIFICITY



Micro Model & UTI Diagnosis

• Kass’s # (>105cfu/ml)

• UTI symptoms

yuria, fever, WBC– Pyuria, fever, WBC

– Culture: >105 cfu/ml

• NOT PERFECT!

Micro Model & UTI Diagnosis

cfu/ml)

>10>1055/ml/ml

cfu/ml

NOT PERFECT!
>105/ml

>10>10 /ml/ml

Bacteria



VAT or VAP? VAT or VAP? 

•• 75M intubated >48 hr:75M intubated >48 hr:

–– Temp >100.4 Temp >100.4 °°°°°°°°F F 

–– *WBC 11 k (75% polys)*WBC 11 k (75% polys)–– *WBC 11 k (75% polys)*WBC 11 k (75% polys)

–– ?Tan sputum (>25 PMN)?Tan sputum (>25 PMN)

–– P/F ratio P/F ratio –– no changeno change

–– *CXR: inflitrate, ? new*CXR: inflitrate, ? new

–– *CPIS = 6 *CPIS = 6 

VAT or VAP? VAT or VAP? Treat? Report?Treat? Report?

•• SQSQ--EA EA 

–– GS: polys/few GNR GS: polys/few GNR 

–– Cultures:  24Cultures:  24--48 hr.48 hr.–– Cultures:  24Cultures:  24--48 hr.48 hr.

•• Dx: VAP or VAT?Dx: VAP or VAT?

•• Rx: Treat or not?Rx: Treat or not?

•• Report HAI or not?Report HAI or not?



VAT or VAP?VAT or VAP?

ClinicalClinical

–– Temp 100.5 Temp 100.5 °°°°°°°°F F 

–– *WBC 12 k (75% polys)*WBC 12 k (75% polys)–– *WBC 12 k (75% polys)*WBC 12 k (75% polys)

–– ?Tan sputum ?Tan sputum 

–– P/F ratio P/F ratio –– no changeno change

–– *CPIS = 6*CPIS = 6

Radiology: Radiology: ?RLL inflitrate?RLL inflitrate

Treat? Report?Treat? Report?

•• MicrobiologyMicrobiology

–– GS: polys/few GNR GS: polys/few GNR 

–– Cultures: 24Cultures: 24--48 hr.48 hr.–– Cultures: 24Cultures: 24--48 hr.48 hr.

•• Surveillance EA:Surveillance EA:
–– QQ--EA: GNR  >10EA: GNR  >1066 cfu/mlcfu/ml

–– SQSQ--EA: ++++ (heavy)EA: ++++ (heavy)

•• BAL:  >10BAL:  >1044 cfucfu



When is a Chest “Infiltrate” VAP?  
Hawthorne or Administrator Effect!

Portable CXRs: 
• Often poor quality
•Often non

Portable CXRs: Quality???
o Sensitivity = Inflammation; ?Delay
o Specificity = Low for Dx & Rx!

CHF
ARDS
r/o Pn

?RLL
Pn

•Often nono Specificity = Low for Dx & Rx!
o Key for “VAP”

When is a Chest “Infiltrate” VAP?  
Hawthorne or Administrator Effect!

Portable CXRs: 
Often poor quality

Often non-specific 

Portable CXRs: Quality???
Sensitivity = Inflammation; ?Delay
Specificity = Low for Dx & Rx!

?RLL
Pn

?LLL Pn
vs

atelectasis

Often non-specific Specificity = Low for Dx & Rx!
Diagnosis



VAT/VAP Principles

1.  VAP = an infectious disease!
2. Quantitative microbiology 

Surveillance cultures?  Surveillance cultures?  
3. Future: earlier, appropriate,

“targeted” therapy?
4. Goal: better outcomes

VAT/VAP Principles

VAP = an infectious disease!
Quantitative microbiology KEY
Surveillance cultures?  Surveillance cultures?  

earlier, appropriate,
“targeted” therapy?

Goal: better outcomes



ATS/IDSA Guidelines for VAP TherapyATS/IDSA Guidelines for VAP Therapy
Am Rev Resp Crit Care Med 2005; 171: 388Am Rev Resp Crit Care Med 2005; 171: 388

1.1. EEarlyarly, empiric, , empiric, appropriate & adequateappropriate & adequate

antibioticsantibiotics based on MDR risk based on MDR risk antibioticsantibiotics based on MDR risk based on MDR risk 

2.2. DeDe--escalate 48escalate 48--72 hr:72 hr:

clinical response & culture resultsclinical response & culture results

3.3. Limit duration:Limit duration: 77

ATS/IDSA Guidelines for VAP TherapyATS/IDSA Guidelines for VAP Therapy
Am Rev Resp Crit Care Med 2005; 171: 388Am Rev Resp Crit Care Med 2005; 171: 388

appropriate & adequateappropriate & adequate

based on MDR risk based on MDR risk based on MDR risk based on MDR risk 

72 hr:72 hr: based on based on 

clinical response & culture resultsclinical response & culture results

77--8 days8 days



ARE WE WAITING ARE WE WAITING 
TOO LONG TO TOO LONG TO 

INITIATE THERAPY?INITIATE THERAPY?

ARE WE WAITING ARE WE WAITING 
TOO LONG TO TOO LONG TO 

INITIATE THERAPY?INITIATE THERAPY?

Crude Diagnostics, Definitions,
DELAY = Increased Bacterial Numbers,  
More Inflammation, Tissue Damage,
Complications & Worse Outcomes?

Crude Diagnostics, Definitions,
DELAY = Increased Bacterial Numbers,  
More Inflammation, Tissue Damage,
Complications & Worse Outcomes?
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TOO LONG TO TOO LONG TO 

INITIATE THERAPY?INITIATE THERAPY?

ARE WE WAITING ARE WE WAITING 
TOO LONG TO TOO LONG TO 

INITIATE THERAPY?INITIATE THERAPY?

Crude Diagnostics, Definitions,
Increased Bacterial Numbers,  

More Inflammation, Tissue Damage,
Complications & Worse Outcomes?

Crude Diagnostics, Definitions,
Increased Bacterial Numbers,  

More Inflammation, Tissue Damage,
Complications & Worse Outcomes?



SurveillanceSurveillance
VAT/VAP ModelVAT/VAP Model

Surveillance EAs
Pathogen GS, C&S 

Diagnosis VAT/VAP
Q-EA = 106 cfu/ml

SQ-EA = Mod-Heavy 

Earlier, Earlier, “Targeted”“Targeted”
AntibioticsAntibiotics/De-escalation

ATS/IDSA
VAP Model 

Empiric Therapy
VAP Suspected

“Broad Spectrum” “Broad Spectrum” 
AntibioticsAntibioticsAntibioticsAntibiotics

Pathogen EA/BAL
Micro: GS, EA/BAL

(48-72 hr Delay)

escalation De-escalation
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VAT: Epidemiology & OutcomesVAT: Epidemiology & Outcomes

MICU/SICU patients VAT: MICU/SICU patients VAT: 

•• Incidence 3%Incidence 3%--11%11%•• Incidence 3%Incidence 3%--11%11%

•• Outcomes:Outcomes: > ICU LOS,  MV days, mortality> ICU LOS,  MV days, mortality

•• Antibiotics:Antibiotics: lower MICU mortality (p<.04)lower MICU mortality (p<.04)

Nseir, Eur Respir J 2002: 20 1483Nseir, Eur Respir J 2002: 20 1483

VAT: Epidemiology & OutcomesVAT: Epidemiology & Outcomes

MICU/SICU patients VAT: MICU/SICU patients VAT: (Q(Q--EA EA >>101066),),

> ICU LOS,  MV days, mortality> ICU LOS,  MV days, mortality

lower MICU mortality (p<.04)lower MICU mortality (p<.04)

Nseir, Eur Respir J 2002: 20 1483Nseir, Eur Respir J 2002: 20 1483--8989



RCT ofRCT of VAT Therapy & OutcomesVAT Therapy & Outcomes

•• VAT:VAT: QQ--EA ≥ 10EA ≥ 1066, CXR normal, CXR normal

•• RCT: RCT: AntibioticsAntibiotics vs NO/Delayed therapy:vs NO/Delayed therapy:

–– Reduced VAP: 14% vs 47%  (p=0.01) Reduced VAP: 14% vs 47%  (p=0.01) 

–– Reduced ICU mortality  (p<0.05) Reduced ICU mortality  (p<0.05) 

–– More MVMore MV--free days  (p<0.001)free days  (p<0.001)

•• Good outcomes, but limitations (n=50)Good outcomes, but limitations (n=50)

Nseir,  Nseir,  Crit CareCrit Care 2008:12:R622008:12:R62

VAT Therapy & OutcomesVAT Therapy & Outcomes

, CXR normal, CXR normal

vs NO/Delayed therapy:vs NO/Delayed therapy:

Reduced VAP: 14% vs 47%  (p=0.01) Reduced VAP: 14% vs 47%  (p=0.01) 

Reduced ICU mortality  (p<0.05) Reduced ICU mortality  (p<0.05) 

free days  (p<0.001)free days  (p<0.001)

Good outcomes, but limitations (n=50)Good outcomes, but limitations (n=50)

2008:12:R622008:12:R62



VAT VAT 

Antibiotic TherapyAntibiotic Therapy

Early Early 

VAPVAP

VAPVAP

PreventionPrevention

IMPROVED PATIENT OUTCOMESIMPROVED PATIENT OUTCOMES

VAT VAT 

Antibiotic TherapyAntibiotic Therapy

PossiblePossiblePossiblePossible

VAPVAP

VAPVAP

PreventionPrevention

IMPROVED PATIENT OUTCOMESIMPROVED PATIENT OUTCOMES



VAPVAP

Temperature, WBC, sputumTemperature, WBC, sputum

∆∆ PaOPaO22/FiO/FiO2, 2, >PEEP>PEEP

+  Pathogen (s)+  Pathogen (s)

vs.

CXR CXR “New infiltrate” “New infiltrate” 

Microbiology $$$Microbiology $$$

�� QQ--EA: >10EA: >1066 CFU/mLCFU/mL

�� SQSQ--EA: mod EA: mod -- heavyheavy

�� BAL >10BAL >1044 CFU/mLCFU/mL

VATVAT

Temperature, WBC, Temperature, WBC, 

∆∆ purulent sputumpurulent sputum

+  Pathogen (s)+  Pathogen (s)

vs.

CXRCXR “Normal”, CHF, ARDS“Normal”, CHF, ARDS

Microbiology $$$Microbiology $$$

�� QQ--EA >10EA >1066 CFU/mLCFU/mL

�� SQSQ--EA: mod EA: mod -- heavyheavy

�� BAL < 10BAL < 1044 CFU/mLCFU/mL



VAVA--RTI : RTI : A Clinical ModelA Clinical Model

VAT/VAP DxVAT/VAP Dx
(pathogen (pathogen 

EAEA Surveillance CulturesSurveillance Cultures
(<(< 101066 cfu/mL  cfu/mL  

CC
OO
LL
II
NN
II

Initiate Therapy Initiate Therapy 
II
ZZ
AA
TT
II
OO
NN

A Clinical ModelA Clinical Model

VAT/VAP DxVAT/VAP Dx
(pathogen (pathogen ≥≥ 101066))

Surveillance CulturesSurveillance Cultures
cfu/mL  cfu/mL  -- observeobserve))

Initiate Therapy Initiate Therapy 
(“(“targeted”targeted”) ) 

Reduced VAPReduced VAP

Better  OutcomesBetter  Outcomes



VAT/VAP (VAVAT/VAP (VA
AdvantagesAdvantages

•• Standardized EA/BAL microbiologic diagnosesStandardized EA/BAL microbiologic diagnoses

•• SQSQ--EA  used in most hospitals: QEA  used in most hospitals: Q

•• Surveillance EA cultures may be usefulSurveillance EA cultures may be useful

•• Use of “targeted” vs “empiric” antibioticsUse of “targeted” vs “empiric” antibiotics

•• VAVA--LRI: EA = endpoint for surveillance or QILRI: EA = endpoint for surveillance or QI

Craven, Clin Infect Dis 2010Craven, Clin Infect Dis 2010

VAT/VAP (VAVAT/VAP (VA--LRI) Model: LRI) Model: 
AdvantagesAdvantages

Standardized EA/BAL microbiologic diagnosesStandardized EA/BAL microbiologic diagnoses

EA  used in most hospitals: QEA  used in most hospitals: Q--EA simpleEA simple

Surveillance EA cultures may be usefulSurveillance EA cultures may be useful

Use of “targeted” vs “empiric” antibioticsUse of “targeted” vs “empiric” antibiotics

LRI: EA = endpoint for surveillance or QILRI: EA = endpoint for surveillance or QI

Craven, Clin Infect Dis 2010Craven, Clin Infect Dis 2010



VAT/VAP: SuggestionsVAT/VAP: Suggestions

• Consider use of “VA-RTI” : VAT & VAP 

• Focus on aerobic bacteria,  “quantitative” cultures

• Target:  intubated patients (no tracheostomies)

• Standardize Q-EA, SQ-EA, Q

• Correlate microbiology data with CXR & clinical signs

• Measure impact  of prevention & improved outcomes

VAT/VAP: SuggestionsVAT/VAP: Suggestions

RTI” : VAT & VAP 

Focus on aerobic bacteria,  “quantitative” cultures

Target:  intubated patients (no tracheostomies)

EA, Q-BAL criteria

Correlate microbiology data with CXR & clinical signs

Measure impact  of prevention & improved outcomes



VAVA--RTI (VAT/VAP) Model IssuesRTI (VAT/VAP) Model Issues

•• Need better data & confirmatory studiesNeed better data & confirmatory studies

•• QQ--EA vs SQEA vs SQ--EA standards neededEA standards needed•• QQ--EA vs SQEA vs SQ--EA standards neededEA standards needed

•• Incidence data & impact of VAT & VAP Incidence data & impact of VAT & VAP 

•• “Clinical” & surveillance data correlation“Clinical” & surveillance data correlation

RTI (VAT/VAP) Model IssuesRTI (VAT/VAP) Model Issues

Need better data & confirmatory studiesNeed better data & confirmatory studies

EA standards neededEA standards neededEA standards neededEA standards needed

Incidence data & impact of VAT & VAP Incidence data & impact of VAT & VAP 

“Clinical” & surveillance data correlation“Clinical” & surveillance data correlation



Thinking Out Side of the BoxThinking Out Side of the Box

•• VAVA--LRI: a surveillance endpoint?LRI: a surveillance endpoint?

•• VAT & VAP may  overlapVAT & VAP may  overlap•• VAT & VAP may  overlapVAT & VAP may  overlap

•• VAT/VAP models useful in VAT/VAP models useful in 

•• Goals: VAP prevention & better outcomesGoals: VAP prevention & better outcomes

Thinking Out Side of the BoxThinking Out Side of the Box

LRI: a surveillance endpoint?LRI: a surveillance endpoint?

VAT & VAP may  overlapVAT & VAP may  overlapVAT & VAP may  overlapVAT & VAP may  overlap

VAT/VAP models useful in VAT/VAP models useful in allall hospitalshospitals

Goals: VAP prevention & better outcomesGoals: VAP prevention & better outcomes



Before 

AfterAfter
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